Radioreceptor assays for prolactin-like (lactogenic) activity and growth hormone (GH)-like activity have been used to study concentrations of caprine placental lactogen (PL) in the circulation during pregnancy. Both lactogenic and GH-like activities increased from less than 100 ng/ml (ovine prolactin-and human GH-equivalents) about 60 days after mating to reach peak levels (400\p=n-\1600ng/ml) between days 110 and 130 of pregnancy. The levels of both activities increased in essentially the same fashion but during the last 15 days of pregnancy, lactogenic activity declined less than GH-like activity. This divergence was most pronounced at parturition when levels of lactogenic activity increased (\m=~\ 700 ng/ml) despite very low (< 200 ng/ml) levels of GH-like activity being measured and this probably reflected increased secretion of pituitary prolactin near parturition. When serum from a pregnant goat or a simple alkaline extract of placental cotyledons was fractionated on a column packed with Sephadex G-100, lactogenic and GH-like activities eluted together with distribution coefficients of approximately 0\ m=. \ 5\ p=n-\ 0\ m=. \ 6. The possibility that caprine PL serves physiologically as a luteotrophin and/or mammotrophin during pregnancy in goats is discussed.
INTRODUCTION
Using an in-vitro bioassay procedure for prolactin and other lactogenic hormones, Buttle, Forsyth & Knaggs (1972) were able to detect, in pregnant goats, high levels of lactogenic activity in the circulation which was immunologically distinct from caprine pituitary prolactin. Co-culture of placental and mammary tissue indicated the likely placental origin of this activity which Buttle et al. (1972) referred to as caprine placental lactogen (caprine PL).
The recent development of relatively sensitive assay methods for protein hormones, using membrane fragments from known target organs, in particular the use of mammary receptors for lactogenic activity (Shiu, Kelly & Friesen, 1973) , has enabled the detection in several additional non-primate species of hitherto unknown or poorly characterized placen¬ tal lactogens (Shiu et al. 1973 ; Kelly, Robertson & Friesen, 1974; Kelly, Tsushima, Shiu & Friesen, 1976 ).
The present interest in caprine placental lactogen is an extension of earlier efforts (Thor¬ burn, Nicol, Bassett, Shutt «fe Cox, 1972;  Currie, Wong, Cox & to provide detailed comparative hormonal data on the goat and sheep during pregnancy and at par¬ turition. Hormonal similarities in closely related species such as these, considered together with the distinct specializations already described for these species, may help assess the relative importance of the various factors in the regulatory mechanisms of pregnancy.
Kelly et al. (1974) suggested that the temporal correlation between changes in levels of placental lactogen and progesterone in the circulation of sheep might reflect a regulatory role for PL in placental steroidogenesis in that species. Since pregnancy in goats is critically dependent upon continued luteal secretion of progesterone (Meites, Webster, Young, Thorp «fe Hatch, 1951; Thorburn «fe Schneider, 1972; Irving, Jones «fe Knifton, 1972) , interest in the goat has focused on the nature of luteotrophic influences present during pregnancy. An earlier study (Currie & Thorburn, 1974) (Radford, Watson & Wood, 1960) Concentrations of lactogenic and GH-like activities were measured by radioreceptor assays using particulate membrane preparations of mammary gland (Shiu et al. 1973 ; Shiu «fe Friesen, 1974) and liver (Tsushima & Friesen, 1973) , both obtained from rabbits in late pregnancy. Ovine prolactin (NIH-P-S-10, 26 i.u./mg) was used to prepare 125I-labelled tracer hormone as described by Shiu & Friesen (1974) (Tsushima «fe Friesen, 1973) .
When performing preliminary radioreceptor assays on plasma samples, it became evident that fibrin clots occasionally formed in the assay tubes, possibly as a result of minimal heparinization of the samples and the use of 10 mM-MgCl2 in the assay buffer. Clot forma¬ tion was prevented by the addition of 1-25 i.u. heparin/ml to the buffer and this was used throughout. Other preliminary studies indicated a depressant effect of increasing concen¬ trations of male goat plasma on the binding of tracer hormones and while this was minimal when 25/*! plasma was incubated in a final volume of 500/tl (5%, v/v), 25 µ\ male goat plasma was substituted for 25 µ\ assay buffer in the tubes containing standards.
The recovery of caprine PL from goat plasma was assessed using the two radioreceptor assays by enriching 900 µ\ aliquots of male goat plasma with 100 µ\ assay buffer containing various amounts of caprine PL, isolated by procedures to be described in a forthcoming paper. The caprine PL contained equal amounts of lactogenic and GH-like activities when assayed in the radioreceptor assays using plasma-free incubation systems. After incubation of the enriched plasma samples for 60 min at room temperature, they were assayed in quadruplicate in the standard plasma assays described in the preceding paragraph.
Gel filtration studies A 7-5 ml sample of peripheral serum collected from a ditocous goat on day 126 of pregnancy was fractionated on a column (1-7 cm internal diameter, 93 cm long) packed with Sephadex G-100 using 50 mM-ammonium bicarbonate, adjusted with ammonium hydroxide to pH 8-5, as the eluant. The column was calibrated with Blue Dextran 2000 (void volume) and Na125I (bed volume). Fractions of 2 ml were collected, protein was estimated by absorbance at 280 nm and lactogenic and GH-like activities were determined by radioreceptor assays. Assays were performed using the systems described above but with 100 /¿l sample size. In addition, to minimize spurious buffer effects, 100 µ\ of a pool of fractions eluting before the void volume (Kav = 0) was substituted for 100/tl of assay buffer in the tubes containing standards.
A crude extract of placental cotyledons was similarly fractionated. Foetal cotyledonary tissue was dissected from a goat placenta delivered vaginally at term, homogenized briefly in 5 vol. 100 mM-ammonium bicarbonate, adjusted with ammonium hydroxide to pH 8-7, and extracted overnight at 4°C. After centrifugation for 90 min at 100000 g, 7-5 ml of the supernatant (equivalent to 1 -3 g wet tissue) was fractionated on the column packed with Sephadex G-100 and the fractions were assayed for protein, lactogenic and GH-like activi¬ ties as described above. (Fig. 1) . Increased variation amongst replicate determinations was evident at the highest concentration of lactogenic activity but such measurements were obtained from the upper limit of the standard curve for the mammary gland radioreceptor assay.
The pattern of change in levels of lactogenic and GH-like activities in the plasma of goats during pregnancy is shown along with progesterone concentrations in Fig. 2 a, b . Concentra¬ tions of the protein hormone activities were at or near the limit of sensitivity of the par-ticular assay until day 50 of pregnancy: the levels are therefore shown as being < 50 ng/ml. However, concentrations of one or both activities were detectably increased by 65-70 days and perhaps even a little earlier in ditocous goats. Further increases occurred in a reasonably consistent fashion for both lactogenic and GH-like activities and maximal concentrations were reached during the last third of pregnancy. With the exception of goat 87, changes in levels of the two activities were closely correlated and highly significant linear relation¬ ships existed between the measurements. Differences between regression slopes (P < 0-001) precluded using the overall regression so that the ratio of GH-like activity to lactogenic activity was computed independently (Table 1 ). The overall ratio was 1-06 but there were clearly differences among animals as to which of the two activities was greater.
Changes during the last 25 days of pregnancy are shown in Fig. 3 as a composite for a group of up to eight animals. There were no significant differences between measured levels of lactogenic and GH-like activities until the last 3 days but a divergence in mean concen¬ trations was apparent during the last 12 days of pregnancy. Prolactin-like activity exceeded GH-like activity throughout this time and did not exhibit a general decline except 3 and 2 days before parturition. During the last 36 h, levels of lactogenic activity in the circulation actually increased despite a continuing decline in GH-like activity.
With the exception of goat 158, changes in the concentrations of progesterone in the circulation during pregnancy bore no obvious relation to changes in lactogenic or GH-like activities. Some increase in progesterone concentration occurred about the time when the increase in these activities was first detected but insufficient samples were collected to assess the significance of such changes. In goat 158, there was a distinct augmentation of proges¬ terone concentrations during the second half of pregnancy and the levels appeared to increase in a similar fashion to those of lactogenic and GH-like activities. Although not readily apparent in the data presented here, progesterone concentrations fell abruptly about 24 h before foetal delivery (see Discussion) and this change occurred some 2 days after the less marked changes in GH-like and lactogenic activities as noted above.
The pattern of elution of lactogenic and GH-like activities upon gel filtration of serum of late pregnancy using Sephadex G-100 is shown in Fig. A Days before parturition Fig. 3 . Changes in plasma levels of lactogenic activity expressed in ovine prolactin-equivalents (·) and growth hormone-like activity expressed in human growth hormone-equivalents (O) before spontaneous parturition at term. Means and standard errors are shown along with the number of paired assays. The data at 36 h before parturition are means of two observations. The last samples were collected during the 6 h before foetal delivery. (a) and a crude placental extract (b). The column was operated as described under Methods and fractions (2 ml) were monitored for u. v. absorbance at 280 nm (-) and caprine placental lactogen. Lactogenic activity expressed in ovine prolactin-equivalents (·) and growth hormone-like activity expressed in human growth hormone-equivalents (O) were measured by radioreceptor assays. using a variety of preparative techniques have also indicated that the two activities are not separable (W. B. Currie, unpublished observations). All of the above observations on the apparent identity of lactogenic and GH-like activities in caprine PL are consistent with what is known of the nature of ovine placental lactogen (Chan, Robertson «fe Friesen, 1976; Kelly et al. 1976 ). Both ovine PL and caprine PL display similar distribution coefficients to pituitary prolactin and GH upon gel-filtration using Sephadex G-100 and thus behave as having molecular weights of approximately 20000. The pattern of change in levels in the blood during pregnancy is similar for the two species, both in the increase observed during the second third of pregnancy and in the decrease occurring shortly before term. Some variation has been encountered in the relative levels of lactogenic and GH-like activities, both in the goats studied here and in similar measurements in sheep. The mean ratio for all data shown in Fig. 2 was approximately 1:1 but there were clearly significant differences among animals. Data obtained in sheep (Kelly et al. 1976 ) indicate higher levels of lacto¬ genic than GH-like activities in the circulation yet ovine PL, purified from placental tissue, has consistently demonstrated near equivalent amounts of the two activities (Chan et al. 1976) .
The disparate pattern of change in lactogenic and GH-like activities during the last 15 days before parturition may reflect the increased secretion of pituitary prolactin known to occur in goats during this time (Buttle et al. 1972; Hart, 1972) . The mammary radio¬ receptor assay for lactogenic hormones does not discriminate between pituitary prolactin and the placental hormone. The radioreceptor assay would thus provide estimates of lacto¬ genic activity at variance with measured concentrations of GH-like activity since, if there is increased pre-partum secretion of GH in the goat such as has been described in sheep (< 20 ng/ml; Bassett, Thorburn & Wallace, 1970) and cattle (Olsen, Trenkle, Witzel & McDonald, 1974) , it is likely to be of far less magnitude than that of prolactin. These considerations make it likely that concentrations of GH-like activity provide a more reliable index of caprine PL levels during such times of heightened pituitary prolactin secretion.
The general lack of correlation between caprine PL levels and progesterone concentrations during most of pregnancy (with the exception of goat 158) lend little support to the notion that caprine PL may serve as a direct regulator of luteal function during pregnancy. A previous study (Currie «fe Thorburn, 1974 ) demonstrated a striking reduction in luteal function after goats were hysterectomized at a time corresponding approximately to the first detected increases in caprine PL levels shown here. It was speculated earlier that hysterectomy had effected a withdrawal of a placental luteotrophin but it remains unknown if the putative luteotrophin bears any relation to the caprine PL described here. It seems likely that the placental lactogen present in rodents (reviewed by Matthies, 1974) provides the necessary luteotrophic influence during late pregnancy in the rat and other rodents, but there is at present no direct evidence for such a role for prolactin or other lactogenic hormones in the goat. A definitive test of this function for caprine PL would be to examine the luteal response in progesterone secretion when caprine PL is administered to hysterec¬ tomized goats. Alternatively, the demonstration of specific binding sites for caprine PL on the corpus luteum of pregnant goats would provide strong supportive evidence for this suggested action of the hormone.
The sudden withdrawal of progesterone from the circulation of goats about 24 h before foetal delivery (Thorburn «fe Schneider, 1972; Currie, 1974) is critical for the initiation of labour in this species (Meites et al. 1951; Rawlings & Ward, 1973) and appears to result from a definite luteolytic signal (Currie «fe Currie «fe Thorburn, 1977) . If caprine PL is shown to be the pregnancy luteotrophin in goats, then the gradual decline in caprine PL levels during the last 15 days, reflected in decreasing GH-like activity as discussed above, is unlikely to provide for precisely timed luteolysis simply as a result of inadequate trophic stimulation. Rather, the pattern of change in caprine PL may reflect changes occur¬ ring in the placenta during the last 15 days when increasing concentrations of cortico¬ steroids are detected in the foetal circulation (Currie «fe Thorburn, 1977) . A number of endocrine and physical changes in the placenta have been observed after experimentally stimulating adrenocortical secretory activity in foetal goats Currie & Thorburn, 1977) Cowie, 1971) . If the quantities of lactogenic and GH-like activities measured by the receptor assays possess the biological activities of equivalent amounts of the pituitary hormones, both of which inter alia comprise the mammogenic complex of goats (Cowie, Tindal & Yokoyama, 1966) , then caprine PL may provide a powerful trophic stimulus to the mammae during pregnancy.
The possible roles of caprine PL alluded to above may be clarified when the hormone is isolated and more specific immunoassays have been developed. The increased sensitivity that might be expected should enable a more precise description of caprine PL changes in early pregnancy than was possible in this work.
